Volk (14) hypothesized that the structure of the heteropolysaccharide portion of Xanthomonas endotoxin is different from the structure of the polysaccharides occurring in members of the Enterobacteriaceae in that the Xanthomonas polysaccharide does not contain heptose. Heptose phosphate has been shown to provide the basic core of the lipopolysaccharide (LPS) occurring in the cell walls of the enteric bacteria, and it is from this core that the nonphosphorylated sugars branch off to form the remainder of the complex heteropolysaccharide which is responsible for the serological type of a bacterium (9, 10, 11, 12, 15) . It is generally assumed that all gram-negative bacteria possess this very toxic lipopolysaccharide as a component of their cell walls, but no extensive study has been carried out on organisms not containing heptose in this polysaccharide.
The present report provides data which support the proposal that galacturonic acid is bound to the LPS of Xanthomonas campestris through an acid-labile phosphate ester. The isolation and identification of D-galacturonic acid 1-phosphate from the partial hydrolysis of the LPS provide support for this theory.
MATERIALS AND METHODS
Xanthomonas campestris was either grown as described elsewhere (14) or was obtained from the Grain Processing Company, Muscatine, Iowa.
Acetone powders were prepared from washed cells, and, prior to the extraction of the cell wall LPS, the acetone powders were suspended in distilled water (1% by weight) and stirred for at least 1 hr. After centrifugation, this step was repeated, resulting in the liberation of considerable protein. Electron micrographs showed that essentially all of the cells were ruptured.
Descending chromatography was done on Whatman #1 paper by use of the following solvent systems: A, pyridine-ethyl acetate-acetic acid-water (5:5:1:3); B, ethyl acetate-acetic acid-water (3:1:3); C, amyl acetate-acetic acid-water (3:3:1); D, pyridine-ethyl acetate-water (20:72:23); and E, n-butanol-pyridine-0.1 N HCI (5:3:2). Paper electrophoresis was performed in pyridine-acetic acid-water (13) .
Inorganic phosphate was determined by the method of Ames and Dubin (1), and total phosphate was determined by the same method after ashing. Galacturonic acid was assayed by the borate-carbazole assay (8) . In cases where it was necessary to determine free galacturonic acid in the presence of bound galacturonic acid, the mixture was chromatographed on paper using solvent C, and the free galacturonic acid was eluted from the paper after overnight develop- supernatant fluid was discarded, and the sedimented LPS was resuspended in distilled water and recentrifuged. After the second washing and recentrifugation, the material was suspended in water and lyophilized to yield the final purified LPS.
Hydrolysis of lipopolysaccharide. A 1-g amount of LPS from X. campestris was suspended in 100 ml of 0.01 N acetic acid, and the pH was adjusted to 3.3 by the addition of 2 N acetic acid. The material was placed in a boiling-water bath for 30 min and was then cooled in a cold-water bath. The hydrolyzed material was centrifuged for 60 min at 78,000 X g in a Spinco model L-2 65 centrifuge having a type 30 angle-head rotor. The clear supernatant fluid was decanted and was labeled hydrolysate 1. The pellet was resuspended in 100 ml of 0.01 N acetic acid, pH 3.3, rehydrolyzed for 30 min at 100 C, and centrifuged. The supernatant fluid from the centrifuged material was decanted and was labeled hydrolysate 2. The pellet was suspended in 75 Ml of 0.01 N acetic acid, pH 3.3, and the hydrolysis step was repeated for a total of four additional times. The supernatant fluid obtained by centrifugation after each hydrolysis was assayed for uronic acid to measure cleavage from the insoluble lipid-glucosamine portion of the molecule. These results are listed in Table 1 .
The supernatant solutions from all six hydrolyses were pooled, adjusted to pH 8.2 by the addition of 3.0 N KOH, and diluted to a total volume of 1 liter with distilled water.
Chromatography. Diethylaminoethyl (DEAE) cellulose chromatography was carried out as described by Osborn (10) . The pooled hydrolysates were adsorbed onto a DEAE-cellulose column (5.6 cm X 35 cm) which was previously equilibrated with 0.01 M tris-(hydroxymethyl)aminomethane (Tris) acetate, pH 8.2. The flow rate was 1.5 to 1.7 ml/min, and 17-ml fractions were collected at 2 C with an automatic fraction collector. The column was washed with 600 ml of distilled water before starting the gradient elution. Six liters of a linear gradient (0.02 to 0.60 M) of pyridinium acetate, pH 5.3, were passed through the column, and fractions were collected as before. The fractions were assayed for total carbohydrate content by the phenol-sulfuric acid assay (6) . The results are illustrated in Fig. 1 .
The fractions from each of the eight peaks were pooled, evaporated to dryness under reduced pressure at 40 C, and dissolved in a known volume of distilled water. Table 2 lists the results of the quantitative assays of each peak collected from the DEAE cellulose column. As shown, all peaks contained all of the components of the heteropolysaccharide, i.e., uronic acid, glucose, mannose, and phosphate. In addition, traces of rhamnose, which were demonstrated to occur in the complete LPS at a level of 0.07 ,mole/mg, were seen in peaks 3, 4, and 5.
RESULTS
All of the uronic acid in peaks 1 and 2 existed as free unbound uronic acid. Peak I contained a material which reacted with the thiobarbituric acid assay for KDO and migrated on solvent E in the same way that authentic 3-deoxy-Dmanno-octulosonic acid migrates with this solvent. On this basis, it would appear that peak 1 contained free unbound KDO. No other free monosaccharide was found following hydrolysis atpH 3.3.
Study of the material in peak 7 was of particular interest because the large amounts of bound uronic acid and phosphate, as compared to the much smaller amounts of glucose and mannose, seemed to indicate a possible covalent linkage between uronic acid and phosphate.
Evidence for a 1-phospho-galacturonic acid linkage. The data presented in Table 3 show that phosphate can be liberated by treatment of peak 7 with alkaline phosphatase. Chromatography of the reaction mixture on solvents A, B, and C and high-voltage paper electrophoresis demonstrated that free galacturonic acid was also liberated by the phosphatase treatment. Neither free glucose nor free mannose was detected following the alkaline phosphatase treatment of peak 7.
The data in Table 4 (4) . All other known uronic acids were reported to be inactive. The formation of tagaturonic acid from the uronic acid present in the LPS of X. campestris is shown in Table 5 , and this con- 95, 1968 
